A new strategy planning is proposed to improve the effectiveness of unit maneuver in RTS game. Following several other researchers, our approach is based on the technique of potential field to provide an efficient path searching in dynamic environment. However, we adopt the Fuzzy Measure and Integral to indicate the interaction among the unit types. Hence, we also propose a new Fuzzy Integral to improve the quality of unit maneuver. Diversion and flank attack can be planned in potential field dynamically. We implement and present our techniques on real RTS game platform. The result is promising in this complex environment.
Introduction
Unit formation and target of attack is the cores of unit maneuver in real time strategy (RTS) game. It is complicated as it consists of a great quantity of possibilities. Multiple targets and the intransitive superiority of unit formation lead the unit maneuver to remain a problem. Traditional tree searching or A* searching is unable to handle these two properties. There are too many weightings and each of them will interact with the others. In this research, we apply potential field, Fuzzy Measure and Integral to solve this problem. Potential field is suitable for complicated and various environment with multiple targets. However, it does not consider non-additive property. We integrate it with Fuzzy Measure and Integral to extend simple additive property to non-additive property. It provides the ability to handle interaction among different targets. We also propose a new Fuzzy Integral, Directional based Fuzzy Integral, to support the flank and diversion attack in unit formation planning.
Literature Review
More and more researchers are interested in RTS game and have recently generated many important outputs in the community [1, 2, 3] . They shared the same view on RTS game environment. It is hostile and dynamic. Counter maneuvers need to be implemented under uncertainty and time pressure. The classic potential field consists of two virtual forces [4, 5] . One is attractive potential force which is used to represent the goal. Another force is repulsive potential force which is used to represent the obstacle. Multi-agents potential fields of Hagelback [6] showed the importance to unit maneuver and tactics development.
Fuzzy Measure and Integral have been proven the ability of interaction handling [7, 8] . We have also implemented Fuzzy Integral to evaluate the combined power of units [9, 10, 11] . It is an efficient way to handle the interaction problem in RTS game. However, the aggregator of Fuzzy Integral has not been investigated and visualized very well. Our proposed idea here is to measure the opponent power by the Fuzzy Integral and provide a planning model for unit maneuver.
Methodology
The main ideas of this model are to minimum the interaction of enemy units and maximize the interaction of player units. First, the weighting of Fuzzy Measure for different unit types are learnt from real RTS game data. Then, the weightings are assigned to a potential field. All potentials of different unit types are summed up with geometric functions. Finally, the highest potential will become the next movement target.
Learning Fuzzy Measure from Real RTS Game Data
We use the Warcraft III replay to learn the interaction from real data [6] . 
Combining Choquet Integral and Potential Field
The contribution of each unit type in CI should be investigated and defined as a point of interest (POI) in the potential field. CI is converted into another form as shown in Equation (1) . Assume a i is the sorted x i . C(a i ) is used to represent the contribution of unit type a i . Its equation is shown in Equation (2) . As the Fuzzy Measure is nonmonotonic, the contribution of unit type, C(a i ), may be negative. For example, if μ(a 2 ,a 3 )< μ(a 3 ), then C(a 2 ) will be negative. Therefore, the negative interaction of enemy could be identified.
New Integral for Potential Field
Although the Choquet Integral could present the positive and negative interaction among the unit type, the priory sorting of f(x) is difficult for the game developer to understand. Hence, the meaning of C(a i ) which is related to the subset of a i and its upper term a i-1 is also difficult to understand. The individual contribution of a i and the interaction to the other units are mixed together. Therefore, we develop Directional based Fuzzy Integral (Directional based FI). It is used to describe the correlation of two unit types. The entire equation is shown in Equation (3). The integral is divided into two parts. The first part, O, is its individual contribution. The second part, I, is used to describe all the correlation of unit types.
A potential field with size S×S is generated. The equation of each point in potential field, P(x,y), is shown in the Equation (4). Each unit type is a point of interest (POI).
The unit type's coordinate, P i , is extracted in the battle. By the Equation (3), the individual contribution and interaction can be indicated independently. Then, they are combined with the decay function, φ which is a form of Euclidean distance. D is a weighting to control area of the affected. The larger the D, the smaller affected area. 
where n is the total number of unit type, P i is the coordinate of a i
D is the weighting to control area of affected The affected area of individual contribution, O, is presented as a circle which is similar to the original potential field. However the affected area of interaction part, I, is presented as a sector of circle and points to another unit. The interaction part is generated in the area in between two points as the expression (4.1) and within a degree, α, as the expression (4.2). The potential, I, represents the contribution of x i to x j . φ(P i ,P j ) is a decay function which is used to enlarge the potential if the enemy unit is closer to each other. Figure  1(a) show the combined potential of two unit types. If P 1 and P 2 are getting away, the potential will drop sharply as shown in Figure 1 
Flanking and Diversion Attack
After the enemy and player potential field are generated, scripting is needed to decide the action of each unit type, such as flanking, diversion, direct attack or cooperation. First the highest potential of enemy and player are compared. One of them is selected.
If the potential of player is higher, cooperation is performed to maintain the unit formation. On the other hand, if the potential of enemy is higher, the player will perform the flank (Figure 2(a) ) or diversion attack (Figure 2(b) ). The highest potential will Player Player become the destination and the path is generated. All the process is updated at certain time slot. Destination and path is continually updated.
Experimental Result and Discussion
To prove the performance of potential field and fuzzy integral, we used Warcraft III to simulate the experiment. 1553 replays are collected from official competitions and used for training the Fuzzy Measure. For CMA-ES, 50 search points are generated randomly. Their fitness is computed by Fuzzy Integral and compared with the scores of real game data. 25 better solutions are selected to computer mean vector, step size and covariance matrix. The search points are updated by these three parameters for the next generation. After 2500 iteration, the Fuzzy Measures will be used for testing.
A battle field is generated. Three unit types are randomly selected for each side. The number of unit in each type is randomly assigned but the total amount of the army is fixed to 20. Three unit maneuver models are tested. The first one is rule based system of Warcraft III. The second one is potential field and Choquet Integral. The last one is potential field and Directional based FI. For each experiment, 50 battles are preformed. The result has been stated in Table 1 . The winning percentage of potential field with Directional based fuzzy integral is the highest. Compared with rule based system, potential field with Choquet Integral has a 29% improvement and the potential field with Directional based fuzzy integral has a 48% improvement.
The performance of unit maneuver is optimized. By observing the battle, potential fields with Directional based fuzzy integral showed a significant improvement when flank and diversion attack can be performed. 
Conclusion
In this paper, we have developed an adversarial real time planning model for unit maneuver in RTS game. We have extended the normal additive properties to nonlinear for potential field. We also defined a new type of fuzzy integral called Directional-based FI. The performance of path finding is optimized. Details unit maneuver, such as flank and diversion attack can be performed. The future work will focus on extending the result of feature interaction to perform more advance unit maneuver in RTS game, such as tracking problem.
